INTRODUCTION
The fundamental underpinnings for qualitative and quantitative phase analysis have rested with the description of diffraction results in terms of a concise peak-list, that is, d-spacing/peak intensity pairs. However, this reduced data (d,I pairs) does not conserve the full pattern information content (amorphous scattering, stress/strain, and particle size effects). Recently, we have used on-the-fly technology to calculate fully digitized diffraction patterns for all entries in the PDF-4 [1, 2] . Instrumental resolution and sample-dependent broadening [1] [2] [3] have been taken into account. DDView+ 2007, the front-end software for the PDF-4, provides 48 search functions so that the 272,232 entries can be reduced to a manageable number of candidate patterns of interest. Boolean operators are extensively used to reduce the number of entries in a candidate set. The task at hand is to facilitate comparison between an experimental pattern and a set of candidate, digitized patterns available in the PDF-4+, using DDView+. As we shall see, the Integral Index method [4] can be used to create a measure of match between an experimental pattern and those available in the PDF-4.
MATHEMATICAL BASIS OF THE INTEGRAL INDEX METHOD
A new similarity index for crystal structure determination from X-ray powder patterns was recently reported [4] . We have applied this formalism to powder pattern matching, using DDView+. In this formalism, a perfect total pattern match gives a similarity index of SI = 0%; a complete mismatch has SI = 100%. 
and Integral Index (%) = S int × 100 (2) where n refers to the number of data points, 
SEARCH FOR CORUNDUM ENTRIES IN THE PDF-4+ 2007 USING EXPERIMENTAL DATA
The aim of this search is to compare experimental data collected on a SRM 1976 Corundum plate with digitized data from entries in the PDF-4+ 2007. The experimental data were collected from a Bruker diffractometer with a Vantec detector in Bragg-Brentano geometry using CuKα radiation. Since the reference data in the PDF-4 are calculated without background contributions, various corrections can be applied to the experimental data. These are listed in Table I . For the Corundum plate data, correction for background was carried out using the Sonneveld-Visser algorithm [5] , however, data smoothing was not required for this search. The following search criteria were formulated in the DDView+ 2007 (the front-end software is bundled with the PDF-4+ 2007 database) using these Boolean operators: {Ambient/Non-ambient (Ambient)} And {Only (Al And O)} And {Empirical Formula Contains Elements 'O 3 '}. The results are shown in Figure 1 . As can be seen in the figure, there are 135 entries that match the search criteria described above. After sorting the search results on Integral Index, the first three entries showing the lowest Integral Indexes were selected for display in Figure 2 . The experimental data are also shown with the background subtracted. The inset in Figure 2 shows the region from 20 ≤ 2θ ≤ 50° and illustrates that preferred orientation is observed in the experimental data (this observation is well documented in the literature). All of the reference patterns illustrated in this search have the highest quality (star) marks. 
SEARCH FOR SiC ENTRIES IN THE PDF-4+ 2007 USING REFERENCE CALCULATED DATA
The following search from DDView+ 2007 is described by {Ambient/Non-ambient (Ambient)} And {Only (C And Si)}, thus selecting PDF entries taken under ambient conditions and only C and Si from the elemental search. In this case, a reference calculated pattern, PDF 04-002-9070 [9] , was chosen as the "experimental" data (the digitized calculated pattern can be exported and this file can be imported as though it was an experimental pattern). The search results are shown in Figure 3 . Note in the figure that the first eight lowest Integral Index values ≤0.25, and that the space group for all eight entries is F-43m.
An overlay of the diffraction patterns for these entries is illustrated in Figure 4 . The major disagreement between these patterns results from small differences in the lattice parameters. Figure 2 . Experimental data were obtained from SRM 1976 and these are designated faber2esd1075.gsas. Background was subtracted using the Sonneveld-Visser algorithm [5] . The on-the-fly digitized data for 3 entries are compared with the experimental data. The inset shows the region from 20 ≤ 2θ ≤ 50°.
DISCUSSION
The search for corundum entries showed that with moderate attention to Boolean operators, we were able to reduce the number of candidate entries to 135. However, the question arises, how can we further reduce this list to a select few? The use of an Integral Index showed that we are able to reduce the 135 search list to perhaps three. It is interesting to note that this result was obtained despite the complication of preferred orientation (well known in SRM 1976). Eq. (1) shows that both the experimental and reference data are normalized by the summed total number of counts. In its simplest form, preferred orientation tends to increase the intensities of some reflections while decreasing the intensities of other reflections. The inset in Figure 2 demonstrates this effect.
In the SiC search, we were able to show that since the reference pattern was cubic, the Integral Index solutions all show this symmetry. Since the Integral Index is derived from the total pattern, small differences in lattice parameters lead to sensible, but relatively small increases in Integral Index.
GENERAL CONSIDERATIONS: BACKGROUND AND PROFILE FUNCTIONS
For well-ordered crystalline materials, several concerns need to be addressed. Since the on-thefly technology used for calculated patterns does not provide for an explicit background function, we need to correct the experimental pattern. Table I shows which tools are available to carry this out in DDView+ 2007. The net result of an incomplete background correction will be to add residuals for each point in the pattern as indicated in Eq. (1) . This leads to less sensitivity to detected differences in the positions and amplitudes of Bragg peaks between theory and experiment. An interesting development is the planned production of a PDF-3 plugin. In this case, amorphous materials or clays would be cases where we would choose not to correct the experimental patterns for background. Figure 3 . {Ambient/Non-ambient (Ambient)} And {Only (C And Si)} search from PDF-4+ 2007. On-the-fly methods were used to calculate digitized patterns for 140 entries in the PDF-4 that matched the desired search conditions. PDF 04-002-9070 was selected as the experimentally synthesized powder pattern of interest [9] .
To account for instrumental resolution, DDView+ 2007 allows the resolution in calculated patterns to be selected as illustrated in Figure 5 . Pseudo-Voigt, Thompson-Cox-Hastings pseudoVoigt [10] , Gaussian, Lorentzian, or Particle size function [3] can be selected. Choosing profile parameters that produce reasonable matches between experimental and calculated patterns will produce a minimized Integral Index for the pattern(s) that best match the experiment.
Although we have not shown the results, it is clear that the Integral Index will allow us to identify a pattern even in the presence of multiple phases, especially when there is a major phase present in the pattern. However, multiple phase solutions cannot be handled unless significant modifications are made to Eq. (1). Alternatively, total pattern matching methods are perhaps better matched to this problem. 
